Abstract. The welding temperature field in the two-wire tandem submerged arc welding (SAW-T) process of X80 steel pipe using a three-dimensional (3D) finite element (FE) model. The thermal cycles and temperature distribution induced in the welding process were simulated using ANSYS software based on a moving heat source model. The technique of element birth and death method was also employed in the simulation of weld metal deposition. Influence of welding parameters on the distribution of temperature filed was analyzed.
Introduction
Pipeline is an economic and convenient way of transporting petroleum and natural gas with high pressure for long distances. Due to longer transportation distances and more exploitation in hostile environments, the gas and oil industry demands more economical transportation, hence the use of higher grades of API steels is becoming increasingly necessary. API X80 pipeline steel with yield strength greater than 555 MPa is the promising grade for today's need of pipeline industry. In comparison with X70 grade pipeline, X80 grade pipeline represents approximately 12 % reduction in total steel weight and up to 25% less deposited weld metal [1] [2] [3] . These high strength linepipes are usually manufactured by submerged arc welding in the practical application. The two-wire tandem submerged arc welding (SAW-T) has been widely used in the construction pipeline systems and pressure vessels due to its advantages of deep penetration, high deposition rate, smooth bead appearance, and elevated productivity [4, 5] . However, the weld seam and the heat affected zone (HAZ) are normally considered as the weakest link in a welded pipe due to likely presence of geometrical imperfections, welding defects (lack of fusion or penetration, slag inclusion, cavities, etc.) and residual stress. Owing to localized heating by the welding process and subsequent rapid cooling, high level residual stresses can arise on the inner surfaces of the welded pipes, leading to premature fracture and significant reduction in fatigue strength and in-service performance of the welded pipes. Since the melt metal cools and solidifies as a result of heat conduction in the metal and surface convection and radiation, thus it is necessary to understand the temperature variation with time to evaluate the deformation and residual stress. Accurate prediction of the welding temperature field and its evolution in the welding process is crucial to secure the efficient design and safety of the structure.
In this paper, simulation technique base on the FE analysis method was used for the prediction of welding temperature field in an X80 grade longitudinal welded pipe. A three-dimensional FE model of longitudinal weld was established. Distribution of the welding temperature field in the welding process was numerically simulated and analyzed.
Experimental
The material used in this investigation is a X80 grade pipe with outer diameter of 976 mm, thickness of 20 mm, and length of 300 mm. Two-wire tandem submerged arc welding was used in the experiments. The diameters of leading wire and trailing wire are 4.0 mm and 3.2mm, respectively.
The composition of the base metal and filler wire used in the present study are given in Table 1 . Welding parameters adopted in the present work were listed in Table 2 . 
Numerical Procedure
In this investigation, the ANSYS FE analysis software was used to perform the heat transfer analysis. A 3D model of the longitudinal welded pipe and the meshes were created for the sake of accuracy. Due to symmetry only half of the pipe was modeled for the sake of saving computational time. The movement of the electrodes was simulated using the death and birth of elements. Figure 1 and Figure  2 show the modeling of joint and corresponding meshing. The heat input was represented by a double ellipsoid heat source [6] to model the welding process with added material. The initial temperature of the specimens was 25℃. The non-linear thermo-physical and mechanical properties needed in numerical simulation are shown in Table 3 . Furthermore, the heat convection and radiation effects were both considered in the modeling. 
Results and Discussion
For the sake of illustration, numerical simulation result of specimen No. 2 was presented below. The distribution of temperature field in this welded pipe at different instants of time is shown in Figure 3 . From the figure, it can be seen that the two weld pools are separate due to a relative large inter-wire spacing. The temperature distributions in the two weld pools are different, with peak temperature of the trailing weld pool higher than that of the leading weld pool. This phenomenon can be explained by the preheating effect of the leading wire. The thermal histories at three different points on the outer surface of the welded pipe are presented in Figure 4 . It can be seen from Figure 4 that the temperature histories at the locations with short distances to the central welding line show two peaks due to the formation of two molten pools with inter wire spacing of 80mm. The temperature of the second peak is higher than that of the first peak due to the preheating effect of the first electrode. For the position with relative large distance from the central welding line, the two peaks are not obvious due to less impact of the heat sources. The effects of welding speed and inter-wire spacing on the temperature distribution are shown in Figure 5 and Figure 6 , respectively. It can be seen from Figure 5 that the welding speed has significant influence on the distribution of welding temperature filed. For a welded pipe with welding speed of 6 mm·s -1 , the peak temperature is 2005 ℃. However, the peak temperature in the welded pipe decreases to 1780 ℃ when the welding speed is 12 mm·s -1 due to less heat input into the weld. From Figure 6 , it can be observed that the inter-wire spacing also has a profound effect on the welding temperature field. For a welded pipe with inter-wire spacing of 80 mm, the peak temperature in the weld pool is 2005 ℃. When the inter-wire spacing is 60 mm, the peak temperature in the welded pipe increases to 2320 ℃ due to the interplay of the two heat sources. With smaller inter-wire spacing, the combine effect of the two heating sources becomes more obvious.
Conclusion
Using ANSYS finite element software, temperature distribution in twin-wire tandem SAW process was simulated for a longitudinal welded X80 steel pipe. The effects of welding speed and inter-wire spacing on the welding temperature in the welded pipe were analyzed. It is found that the increasing welding speed leads to lower peak temperature in the welded pipe, while a smaller inter-wire spacing leads to higher peak temperature in the welded pipe.
